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PROCESS FOR PREPARING AN EMULSION
WHOSE ORGANIC PHASE IS OF HIGH
VISCOSITY

This application 1s a continuation of U.S. application Ser. 5
No. 10/399,483, filed on Oct. 17, 2003 now abandoned.

The present invention relates to a process for preparing an
emulsion whose organic phase 1s of high viscosity.

Difliculties are encountered 1n preparing emulsions with a
relatively small droplet size, and obtained from an aqueous 10
continuous phase and an organic discontinuous phase of
high viscosity, 1.e. with a viscosity at least equal to 1 Pa.s and
preferably at least 5 Pa.s. Specifically, the diflerence in
viscosity between the continuous and discontinuous phases
1s such that i1t 1s necessary to use high-shear and/or low- 15
elliciency means. In addition, the results achieved are only
partially satisfactory.

Solutions have been proposed for obtaining oil-in-water
emulsions via standard means. These emulsions are obtained
in particular by using large amounts of surfactants. Thus, the 2©
process 1s performed starting with a concentrated aqueous
solution of surfactant, as base stock, to which 1s added the
organic phase. The emulsion obtained may then be diluted.

The drawback of this process 1s that it requires the use of
specially designed equipment. Furthermore, this type of
process cannot be carried out continuously.

In addition, 1t 1s not possible to prepare multiple emul-
sions (water-in-oil-in-water) using the process described
above. The reason for this 1s that as soon as the inverse
emulsion (water-in-oil) 1s introduced into the concentrated
aqueous phase of surfactants, the mnverse emulsion 1s desta-
bilized and only a simple emulsion (oil-in-water) may be
obtained.

The object of the present invention 1s to obtain a simple
and eflicient process for preparing an oil-in-water emulsion
from a viscous organic phase, 1.e., firstly, requiring the use
of only standard means, and, secondly, making it possible to
obtain a fine and uniform particle size for the emulsion.

Furthermore, the present invention 1s most particularly
suitable for obtaining multiple emulsions.

Thus, one subject of the present invention 1s a process for
preparing an oil-in-water emulsion, the organic phase of
which has a viscosity of greater than or equal to 1 Pa.s, in
which an aqueous phase 1s used comprising at least one ,5
heat-induced thickening polymer displaying a jump 1n vis-
cosity between 25 and 80° C. such that the value of the ratio
log,, (viscosity at 80° C.)/log,, (viscosity at 25° C.) 1s at
least equal to 1 and preferably at least equal to 2, the
variation 1n viscosity being reversible; the amount of heat- .,
induced thickening polymer being such that the viscosity of
the aqueous phase 1s from 0.2 to 5 times that of the organic
phase at the emulsion preparation temperature; said tem-
perature being greater than or equal to the thickening
temperature of the heat-induced thickening polymer. 55

However, other characteristics and advantages of the
present invention will emerge more clearly on reading the
description and the example that follow.

Firstly, 1t should be noted that the process according to the
invention may be carried out to obtain simple oil-in-water ¢
emulsions, but also for multiple emulsions for which the
organicC phase 1s 1n fact an inverse emulsion (1.e. water-in-oil
emulsion).

It 1s pointed out that the mean droplet size of a simple
emulsion obtained according to the invention 1s more par- 65
ticularly between 0.1 and 50 um and preterably between 0.1
and 5 um.
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In the case of multiple emulsions obtained according to
the invention, the mean size of the droplets dispersed in the
external aqueous phase 1s between 5 and 100 um, more
particularly between 5 and 50 um and advantageously
between 5 and 15 um.

The mean droplet sizes are measured using a Horiba
granulometer, and correspond to the median volume diam-
cter (d50) which represents the diameter of the particle equal
to 50% of the cumulative distribution.

In the text hereinbelow, the term “emulsion” 1s used either
to denote a simple direct emulsion (o1l-1n-water), an inverse
emulsion (water-in-o1l) or a multiple emulsion, unless the
nature of the emulsion 1s specifically indicated.

In the text hereinbelow, reference will be made to the
“internal aqueous phase” to denote the aqueous phase of the
inverse emulsion of the multiple emulsion. The term “aque-
ous phase” will denote either the aqueous phase of a simple
direct emulsion, or the “external” aqueous phase of a mul-
tiple emulsion.

Moreover, the term “polymers” denotes both homopoly-
mers and copolymers.

The organic phase will now be described.

Firstly, the compound used as organic phase 1s chosen
more particularly from compounds whose solubility 1n water
does not exceed 10% by weight at 25° C.

In addition, as has been indicated previously, the organic
phase has a viscosity of at least 1 Pa.s and preferably of at
least 5 Pa.s. The process according to the invention 1s most
particularly suitable for preparing emulsions for which the
organic phase has a viscosity of between 5 and 500 Pa.s.

It should be noted that the viscosity refers to the dynamic

viscosity, measured at 25° C. using a Brookfield viscometer
according to AFNOR standard NFT 76 102 of February

1972.

The organic phase 1s more particularly chosen from
mineral oils; alkyd resins (such as, for example, the Coporob
3115 DE resins sold by the company Novance); polyisocy-
anates; high molecular weight silicones; these compounds
being alone or as a mixture.

Among the mineral oils that may be mentioned are
polybutene oi1ls. For example, the polybutene oils obtained
by polymerization of the C fraction, the 1sobutene propor-
tion of which 1s high (Napvis and Hyvis ranges from BP),
are suitable for use.

As regards the polyisocyanates, mention may be made
especially of the compounds having the following formula:
A(—NCOblock) , in which A represents an organic skeleton
containing n free valences, p being between 2 and 7, and
NCOblock represents a masked or unmasked isocyanate
function.

More particularly, the total number of carbons 1n said
monomer 1s advantageously between 10 and 100.

In addition, the A skeleton may be made up of a heavy
polyamine, including anilines, for example with a carbon
number at least equal to 6, more particularly at least equal
to 10, preferably at least equal to 15. This amine 1s converted
in a manner that 1s known per se by reaction with phosgene.
It should be noted that the A skeleton may also be that of
trimers and biurets.

Among the masking groups that may be chosen are
groups containing labile hydrogen, with a pKa value of not
more than 14, more particularly not more than 10 and
preferably not more than 8. It should be noted that, the
higher the pKa value, the more desirable 1t 1s for the masking
agent, 11 present, to be volatile.

The masking agents are chosen such that the emulsion 1s
stable at its storage temperature.
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Among the chemical functions capable of masking 1so-
cyanates, examples that may be mentioned are the following
functions:

alcohols and thiols

OX1mes

hydroxylamines

acids

amides and 1mides

3-diketones

pyrazoles.

The polyisocyanates that are suitable are more particu-
larly chosen from oils and/or gums and/or resins containing
(poly)isocyanate groups, the viscosity of which 1s within
ranges indicated previously. It would not constitute a depar-
ture from the context of the imnvention to use several com-
pounds of this type, and likewise their combination with at
least one solvent (or diluent) for said o1l and/or gum and/or
resin, provided that the viscosity of the whole 1s within the
range indicated.

Among the high molecular weight silicones that may be
mentioned, for example, are polyorgano-siloxane oi1ls and/or
gums and/or resins. It would not constitute a departure from
the context of the present mvention to use mixtures of
polyorganosiloxane o1l(s) and/or gum(s) and/or resin(s),
provided that the mixtures have a viscosity within the ranges
indicated previously. Similarly, the invention 1s suitable for
emulsifying mixtures of polyorganosiloxane oi1l(s) and/or
gum(s) and/or resin(s), and optionally of at least one solvent
for said o1l(s) and/or gum(s) and/or resin(s), and/or option-
ally of at least one silane and/or of at least one siliceous
and/or nonsiliceous {iller, provided that the mixtures have
viscosities within the mentioned range.

Among the polyorganosiloxane oils and gums that may be
used, mention may be made of those consisting of units of
formulae

R';_R_SiO,,, and R,SiO

in which formulae:
a 1s an integer from 0 to 3
the radicals R, which may be i1dentical or different,
represent a saturated or unsaturated C,-C,, aliphatic
radical; a C,-C,; aromatic radical; a polar organic
group linked to the silicon via an S1—C or Si—0O—C
bond; a hydrogen atom:;
the radicals R', which may be identical or different,
represent an OH group; a C,-C,, alkoxy or alkenyloxy
radical; a C,-C,; aryloxy radical; a C,-C,; acyloxy
radical; a C,-C, ketiminoxy radical; a C,-C, amino-
functional or amido-functional radical, linked to the
silicon via an S1—N bond.
Preferably, at least 80% of the radicals R of said oils
represent a methyl group.
Among the polyorganosiloxane resins that may be used,
mention may be made of those consisting of units of
formulae:

RS10;,, (unit T) and/or S10, (unit Q)

combined with units of formulae:

R'; R, S10,, (unit M) and/or R5S10 (unit D)

in which formulae a, R and R' have the definition given
above.

These resins are generally of the type MQ, MDQ, TDM,
1D, MT, etc.

When said oils, gums or resins contain reactive and/or
polar radicals R, such as H, OH, vinyl, allyl, hexenyl or
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aminoalkyl, especially, these radicals generally represent not
more than 2% of the weight of the o1l or gum and not more

than 10% of the weight of the resin.

The viscous polydimethylsiloxane and o,m-bis-(hydroxy)
polydimethylsiloxane oils and the poly-dimethylsiloxane,
polyphenylmethylsiloxane and o,mw-bis-(hydroxy)polydim-
cthylsiloxane gums are well-known commercially available
products.

The DT polymethylsiloxane viscous resins containing
from 1% to 2% by weight of silanol functions are also
commercially available products.

Among the solvents for the silicone oils, gums or resins,
which may be present 1n the silicone phase, mention may be
made of volatile cyclic organo-polysiloxanes (octamethyl-
cyclotetrasiloxane, deca-methylcyclopentasiloxane, etc.),
short-chain poly-dimethylsiloxane oils (viscosity of less
than 100 mPa.s), hexamethyldisiloxane, ketones (methyl
cthyl ketone, etc.), ethers (diethyl ether, etc.), esters (1so-
propyl myristate, ethyl acetate, etc.), certain chlornated or
chlorofluorinated solvents (methylene chloride, chloroform,
etc.), and highly branched paraflins (white oils based on
1soalkanes and cycloalkanes, etc.).

Various silanes and/or mineral fillers may also be present
in the silicone phase.

These silanes may especially be synthetic byproducts or
crosslinking agents for said polyorgano-siloxane oils, gums
or resins. They are generally present 1n amounts of from
about 0 to 10 parts by weight, preferably of from about 0 to
5> parts by weight per 100 parts by weight of polyorganosi-
loxane o1l(s) and/or gum(s) and/or resin when they are
reaction byproducts.

When the crosslinking-agent function of the hydroxylated
oils, gums or resins 1s desired, they are generally present 1n
amounts from about 0.5 to 30 parts by weight, and prefer-
ably from about 2 to 8 parts by weight per 100 parts by
welght of o01l(s) and/or gum(s) and/or resin(s).

Said silanes may also be an additive for modulating the
physicochemical properties and especially the adhesion
properties of the silicone compositions of various applica-
tions obtained from the aqueous emulsions prepared accord-
ing to the process of the mvention. Among this category of
silanes that may be mentioned are aminopropyltriethoxysi-
lane, amino-propylmethyldiethoxysilane, glycidoxypropylt-
rimethoxy-silane, etc.

They are used i amounts that may be up to 200%,
generally from about 2% to 100%, of the weight of o1l(s)
and/or gum(s) and/or resin(s).

Reinforcing or semi-reinforcing siliceous or nonsiliceous
fillers may also be present. Examples that may be mentioned
include colloidal silicas, combustion silica and precipitation
silica powders, diatomaceous earths, ground quartz, natural
calcium carbonate, hydrated alumina, magnestum hydrox-
1de, carbon black, titanium dioxide, aluminum oxide, ver-
miculite, zinc oxide, mica, talc, iron oxide, barium sulfate,
slaked lime, etc.

The size of these fillers 1s generally less than or equal to
the mean size of the droplets in which they are dispersed. As
a guide, the mean size of these fillers (d.,) 1s generally from
about 0.001 to 50 um and preferably from about 0.001 to 10
L.

The fillers are generally present 1n amounts that may be up
to 300% and preferably from about 3% to 100% of the
weilght of o01l(s) and/or gum(s) and/or resin(s).

The organic phase may likewise be chosen from epoxy
resins, essential oils, mono-, di- and triglycerides, provided
that their viscosity 1s within the range mentioned previously.
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The organic phase may optionally comprise at least one
hydrophobic active material.

It should be noted that the organic phase itsell may
constitute the hydrophobic active material provided that the
organic phase has a dynamic viscosity within the range
mentioned previously.

In the case where 1t 1s diflerent than the organic phase, the
active materal 1s 1n liquid or nonliquid form, soluble 1n the

organic phase or dissolved in an organic solvent that is
miscible with said organic phase, or alternatively in the form
of a solid dispersed in said phase.

More particularly, the active materials are such that their
solubility 1n water does not exceed 10% by weight, at 25° C.

In addition, the active matenials preferably have a melting
point of less than or equal to 100° C. and more particularly
less than or equal to 80° C.

As examples ol materials that are active 1n the food sector,
mention may be made ol mono-, di- and triglycerides,
essential oils, flavorings and colorants.

As examples of materials that are active 1 cosmetics,
mention may be made of silicone oils belonging, for
example, to the dimethicone family; lipophilic vitamins, for
instance vitamin A.

As examples of active materials that are suitable for
performing the mnvention, 1n the field of paints, mention may
be made of alkyd resins, epoxy resins and masked or
unmasked 1socyanates.

In the paper sector, examples that may be mentioned
include sizing resins and water-repellant resins such as
alkylketene dimer (AKD) or alkenyl-succinic anhydride
(ASA).

In the agrochemicals sector, the plant-protection active
materials may be chosen from the family of a-cyano-
phenoxybenzyl carboxylates or a-cyano-halophenoxy car-
boxylates, the family of N-methylcarbonates comprising
aromatic substituents, active materials such as Aldrin, Azin-
phos-methyl, Benfluralin, Bifenthrin, Chlorphoxim, Chlo-
rpyrifos, Fluchloralin, Fluroxypyr, Dichlorvos, Malathion,
Molinate, Parathion, Permethrin, Profenofos, Propicona-
zole, Prothiofos, Pyrifenox, Butachlor, Metolachlor, Chlo-
rimephos, Diazinon, Fluazifop-P-butyl, Heptopargil, Mecar-
bam,  Propargite,  Prosulfocarb, @ Bromophos-ethyl,
Carbophenothion or Cyhalothrin.

In the detergency sector, possible active materials that
may be mentioned are silicone antifoams.

It 1s similarly possible to use active materials such as
those forming part of the composition of lubricants for
working or deforming materials. The active matenal 1s
usually an o1l, an o1l derivative or a fatty acid ester or a fatty
acid salt.

The active material may also be chosen from organic
solvents or mixtures ol such solvents that are sparingly
miscible or immiscible in water, especially such as those
used for cleaning or stripping, such as aromatic petroleum
fractions, terpenic compounds, for instance D- or L-li-
monenes, and also solvents such as Solvesso®. Solvents that
are also suitable include aliphatic esters, for instance the
methyl esters of a mixture of acetic acid, succinic acid and
glutaric acid (acid mixture obtained as a byproduct of Nylon
synthesis), oils, for instance liquid petroleum jelly, and
chlorinated solvents.

In the case where the organic phase comprises one or
more hydrophobic active materials different than the organic
phase, their content more particularly represents 1% to 50%
by weight of said organic phase.
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According to one variant of the present invention, the
organic phase comprises a dispersed internal aqueous phase.
More particularly, the organic phase 1s an imnverse emulsion.

It should be noted that the viscosity of the inverse
emulsion, 1.e. of the organic phase comprising the internal
aqueous phase, itsell also has a high viscosity. Thus, the
viscosity of the mverse emulsion 1s at least 1 Pa.s, more
particularly at least 5 Pa.s and preferably between 5 and 500
Pa.s. The viscosities mentioned above are dynamic viscosi-
ties measured using a Brookfield viscometer at 25° C.,
according to standard NFT 76 102 of February 1972.

In such a case, the organic phase of the inverse emulsion
1s preferably of the same nature as that of a simple emulsion.
Reference may thus be made at any point to the list given
above.

The internal aqueous phase, 1f present, and/or the external
aqueous phase of the emulsion may comprise at least one
hydrophilic active material. Preferably, the hydrophilic
active material 1s 1 the internal aqueous phase of the

emulsion, when it 1s present.

It 1s pomnted out that the hydrophobic and hydrophilic
active materials are determined as a function of their mutual
compatibility. Similarly, the hydrophilic active material 1s
chosen so as not to interfere with the organic phase.

The hydrophilic active material may be 1n a form that 1s
soluble 1n the aqueous phase; 1n a form dissolved in a
water-miscible solvent, for mmstance methanol, ethanol, pro-
pylene glycol or glycerol, for example; or 1n the form of a
solid dispersed 1n said phase.

As examples of active materials that may be used 1n the
cosmetics field, mention may be made of substances that
have a cosmetic eflect, a therapeutic eflect or any other
substance that may be used for treating the skin and the hair.

Thus, active matenials that may be used include skin and
hair conditioners such as, especially, polymers comprising
quaternary ammoniums, which may optionally be incorpo-
rated 1n heterocycles (compounds of the quaternium,
polyquaternium, etc. type), humectants; fixing (styling)
agents more particularly chosen from polymers (homo-, co-
or terpolymers, for example acrylamide, acrylamide/sodium
acrylate, polystyrene sulfonate, etc.), cationic polymers,
polyvinylpyrrolidone, polyvinyl acetate, etc.

It 1s similarly possible to use colorants; astringents, which
may be used 1n deodorants and which are more particularly
aluminum or zirconium salts; antibacterial agents; antiin-
flammatory agents, anesthetics, sunscreens, etc.

Mention may also be made of a.- and [-hydroxy acids, for
instance citric acid, lactic acid, glycolic acid and salicylic
acid; dicarboxylic acids, preferably unsaturated and contain-
ing 9 to 16 carbon atoms, for istance azelaic acid; vitamin
C and 1ts derivatives, especially the glycosylated and phos-
phated derivatives; biocides, especially cationic biocides
(especially Glokill PQQ and Rhodaquat RP50, sold by Rhodia
Chimie).

In the food sector, examples that may be mentioned
include divalent calcium salts (phosphates, chlorides, etc.)
used as crosslinking agent for texturing polymers, for
instance alginates and carrageenans; sodium bicarbonate,
inter alia.

In the field of plant-protection active materials, hydro-
philic pesticides or hydrophilic nutrient elements that pro-
mote the growth and development of plants may be used.

As regards the field of exploitation or construction of o1l
or gas wells, the present invention may be carried out for
hydrophilic active materials that may be used especially
during operations of cementation, completion, drilling and
stimulation of wells ({or example fracturing). As examples
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ol active materials that may be used 1n this field, mention
may be made of crosslinking catalysts for cement compo-
sitions such as, for example, lithium salts, for instance the
chlonide or the acetate. Mention may similarly be made of
compounds that are capable, inter alia, of degrading polysac-
charides, such as, for example, carboxylic acids (especially
citric acid), enzymes (especially cellulases) and oxidizing
agents.

In the field of silicones, examples that may be mentioned
include the calcium salts and potassium hydroxide, which
are used as crosslinking agent.

In the field of papermaking, mention may be made
especially of calctum chloride and hydrochloric acid.

The amount of hydrophilic active maternial 1s more par-
ticularly between 0.1% and 350% by weight relative to the
aqueous phase (whether 1t 1s 1nternal and/or external) and
preferably between 0.1% and 20% by weight relative to the
aqueous phase (internal and/or external).

When an internal aqueous phase 1s present, the internal
aqueous phase/organic phase weight ratio 1s more particu-
larly between 10/90 and 90/10. This weight ratio 1s prefer-
ably between 30/70 and 80/20.

Still according to this variant, 1.e. according to the one 1n
which the organic phase 1s 1n the form of an inverse
emulsion, the inverse emulsion also comprises at least one
nonionic surfactant and/or at least one amphiphilic block
polymer and/or at least one cationic surfactant.

According to a first vanant, the mverse emulsion com-
prises at least one nonionic surfactant or at least one
amphiphilic block polymer, or a blend of the two.

It should be noted that the Bancroit rule may be applied
to the nonionic surfactant and to the amphiphilic block
polymer used (2°"° Congrés Mondial de I’Emulsion [2nd
World Conference on Emulsions], 1997, Bordeaux, France).
In other words, the fraction soluble 1n the continuous phase
1s greater than the fraction soluble 1n the disperse phase.

Thus, the surfactant and the polymer are preterably cho-
sen from those that satisty both the conditions below:

when they are mixed with the internal organic phase, at a

concentration of between 0.1% and 10% by weight of
said phase at 25° C., they are in the form of a solution
throughout all or part of the indicated concentration
range;

when they are mixed with the internal aqueous phase, at

a concentration of between 0.1% and 10% by weight of
said phase and at 25° C., they are in the form of a
dispersion throughout all or some of the indicated
concentration range.

More particularly, the nonionic surfactant 1s chosen from
compounds with an HLB (hydrophilic/lipophilic balance)
value of less than or equal to 8.

As examples of surfactants that may form part of the
composition of the inverse emulsion, mention may be made
of surfactants, alone or as a mixture, chosen from:

alkoxvlated fatty alcohols
alkoxylated triglycerides

alkoxvylated fatty acids

optionally alkoxylated sorbitan esters
alkoxylated fatty amines

alkoxvlated di(1-phenylethyl)phenols
alkoxylated tri(1-phenylethyl)phenols
alkoxylated alkylphenols

the number of alkoxylated (ethoxylated, propoxylated or
butoxylated) units 1s such that the HLB value is less than or
equal to 8.
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The alkoxylated fatty alcohols generally contain from 6 to
22 carbon atoms, the alkoxvylated units being excluded from
these numbers.

The alkoxylated triglycerides may be triglycerides of
plant or animal origin.

The optionally alkoxylated sorbitan esters are esters of
cyclized sorbitol of fatty acid containing from 10 to 20
carbon atoms, for instance lauric acid, stearic acid or oleic
acid.

The alkoxylated fatty amines generally contain from 10 to
22 carbon atoms, the alkoxylated units being excluded from
these numbers.

The alkoxylated alkylphenols generally contain one or
two linear or branched alkyl groups containing 4 to 12
carbon atoms. Examples that may especially be mentioned
include octyl, nonyl and dodecyl groups.

As regards the amphiphilic block polymer, 1t comprises at
least two blocks.

These amphiphilic polymers, which satisty the Bancroit
rule and the two conditions stated previously, more particu-
larly comprise at least one hydrophobic block and at least
one neutral, amionic or cationic hydrophilic block.

In the case where the amphiphilic polymer comprises at
least three blocks, and more particularly three blocks, the
polymer 1s preferably linear: in addition, the hydrophobic
blocks are more particularly located at the ends.

In the case where the polymers comprise more than three
blocks, these polymers are preferably 1n the form of grafted
or comb polymers.

In the text hereinbelow, even though this 1s an abuse of
language, the term “amphiphilic block polymer” will be
used either for the linear block polymers or for the grafted
or comb polymers.

Said amphiphilic polymers may advantageously be
obtained by “living” or controlled free-radical polymeriza-
tion. As nonlimiting examples of living or controlled poly-

merization processes, relerence may be made especially to
patent applications WO 98/58974 (xanthate), WO 97/014°78

(dithioesters), WO 99/03894 (nitroxides); WO 99/31144
(dithiocarbamates).

The amphiphilic polymers may also be obtained by cat-
1onic or anionic polymerization.

They may similarly be prepared by using ring-opening,
polymerizations (especially anionic or cationic polymeriza-
tions), or by chemical modification of the polymer.

The grafted or comb polymers may also be obtained by
“direct grafting” and copolymerization methods.

Direct graiting consists in polymerizing the chosen mono-
mer(s) via a free-radical route, 1n the presence of the selected
polymer to form the skeleton of the final product. If the
monomer/skeleton couple and the operating conditions are
carefully chosen, there may then be a transfer reaction
between the growing macroradical and the skeleton. This
reaction generates a radical on the skeleton and 1t 1s from this
radical that the graft grows. "

The primary radical derived
from the mitiator may also contribute to the transfer reac-
tions.

As regards copolymerization, this involves 1n a {irst stage
the grafting, onto the end of the future pendent segment, of
a free-radical-polymerizable function. This grafting may be
performed by usual methods of organic chemistry. Next, in
a second stage, the macromonomer thus obtained is poly-
merized with the chosen monomer to form the skeleton, and
a “comb” polymer 1s obtained.

Among the hydrophobic monomers from which the
hydrophobic block(s) of the amphiphilic polymer may be
prepared, mention may be made especially of:
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linear, branched, cyclic or aromatic monocarboxylic or
polycarboxylic acid esters, comprising at least one
cthylenic unsaturation,

saturated carboxylic acid esters containing 8 to 30 carbon
atoms, optionally bearing a hydroxyl group;

o, -ethylenically unsaturated nitriles, vinyl ethers, vinyl
esters, vinylaromatic monomers, and vinyl or
vinylidene halides,

linear or branched, aromatic or nonaromatic hydrocarbon-
based monomers, comprising at least one ethylenic
unsaturation,

monomers of cyclic or noncyclic siloxane type, and
chlorosilanes:

propylene oxide or butylene oxide; alone or as mixtures,
and also the macromonomers derived from such mono-
mers.

As particular examples of hydrophobic monomers that
may be included in the preparation of the hydrophobic
block(s) of the amphiphilic block polymer, mention may be
made of:

esters of (meth)acrylic acid with an alcohol contaiming 1
to 12 carbon atoms, for instance methyl (meth)acrylate,
cthyl (meth)acrylate, propyl (meth)acrylate, n-butyl
(meth)acrylate, t-butyl (meth)acrylate, 1sobutyl (meth)
acrylate or 2-ethyl-hexyl acrylate;

vinyl acetate, vinyl Versatate®, vinyl propionate, vinyl
chloride, vinylidene chloride, methyl vinyl ether or
cthyl vinyl ether;

vinyl nitrites more particularly including those containing
from 3 to 12 carbon atoms such as, in particular,
acrylonitrile and methacrylonitrile;

styrene, a-methylstyrene, vinyltoluene, butadiene and
chloroprene;

alone or as mixtures, and also macromonomers derived from
such monomers.

The preferred monomers are esters of acrylic acid with
linear or branched C,-C, alcohols, such as methyl, ethyl,
propyl or butyl acrylate, vinyl esters, for instance vinyl
acetate, styrene and a-methyl-styrene.

As regards the nonionic hydrophilic monomers from
which the amphiphilic block polymers may be obtained,
mention may be made, without wishing to be limited thereto,
of ethylene oxide, linear, branched, cyclic or aromatic
monocarboxylic or polycarboxylic acid amides, comprising
at least one ethylenic unsaturation or dernivatives, for
instance (meth)acrylamide or N-methylol(meth)acrylamide;
hydrophilic esters derived from (meth)acrylic acid, such as,
for example, 2-hydroxyethyl (meth)acrylate; vinyl esters
allowing the production of polyvinyl alcohol blocks after
hydrolysis, for istance vinyl acetate, vinyl Versatate® or
vinyl propionate, alone or 1n combination, and also mac-
romonomers derived from such monomers. It 1s recalled that
the term “macro-monomer” denotes a macromolecule bear-
ing one or more polymerizable functions.

However, the preferred hydrophilic monomers are acry-
lamide and methacrylamide, alone or as a mixture, or in the
form ol macromonomers.

As regards the anionic hydrophilic monomers from which
the amphiphilic block polymers may be obtained, mention
may be made, for example, of monomers comprising at least
one carboxylic, sulfonic, sulfuric, phosphonic, phosphoric
or sulfosuccinic function, or the corresponding salts.

It 1s pointed out that, under the pH conditions for the use
of the amphiphilic block polymer, the functions of the
anmonic block(s) of the polymer are 1n an at least partially
ionized (dissociated) form. More particularly, at least 10 mol
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% of the functions of the block(s) are 1n 1onized form. The
determination of this value does not pose any problem to a
person skilled in the art; 1t depends especially on the pKa of
the 1onizable functions of the units of the polymer and on the
number of these functions (1.e. the number of moles of
monomer bearing 1onizable functions used during the prepa-
ration of the polymer).
More particularly, the monomers are chosen from:
linear, branched, cyclic or aromatic monocarboxylic or
polycarboxylic acids, and N-substituted derivatives of
such acids; polycarboxylic acid monoesters, compris-
ing at least one ethylenic unsaturation;
linear, branched, cyclic or aromatic vinylcarboxylic acids;

amino acids comprising one or more ethylenic unsatura-
tions;

alone or as mixtures, precursors thereof, sulfonic or phos-
phonic dernivatives thereof, and also the macro-monomers
derived from such monomers; the monomers or mac-
romonomers possibly being in the form of salts.

Examples of anionic monomers that may be mentioned,
without wishing to be limited thereto, include:

acrylic acid, methacrylic acid, fumaric acid, 1itaconic acid,
citraconic acid, maleic acid, acryl-amidoglycolic acid,
2-propene-1-sulionic acid, methallylsulfonic acid, sty-
renesulfonic acid, a-acrylamidomethylpropanesulfonic
acid, 2-sulfo-ethylene methacrylate, sulfopropylacrylic
acid, bis-sulfopropylacrylic acid, bis-sulfopropyl-
methacrylic  acid, sulfatoethylmethacrylic  acid,
hydroxyethyl-methacrylic acid phosphate monoester,
and also the alkali metal salts, for instance the sodium
or potassium salts, or the ammonium salts;

vinylsulfonic acid, vinylbenzenesulionic acid, vinylphos-
phonic acid, vinylidenephosphoric acid and vinylben-
zoic acid, and also the alkali metal salts thereof, for
instance the sodium or potassium salts, or the ammo-
nium salts thereot;

N-methacryloylalanine or N-acryloylhydroxyglycine;
alone or as mixtures, and also the macromonomers
derived from such monomers.

It would not constitute a departure from the context of the
present invention to use monomers that are precursors of
those which have just been mentioned. In other words, these
monomers contain units which, once incorporated into the
polymer chain, may be converted, especially by means of a
chemical treatment such as hydrolysis, to regenerate the
above mentioned anionic species. For example, the totally or
partially esterified monomers of the abovementioned mono-
mers may be used 1n order thereafter to be totally or partially
hydrolyzed.

As cationic hydrophilic monomers from which the
amphiphilic block polymers may be obtained, mention may
be made especially of:

aminoalkyl (meth)acrylates and aminoalkyl (meth)acry-
lamides:

monomers comprising at least one secondary, tertiary or
quaternary amine function, or a heterocyclic group
containing a nitrogen atom, vinylamine or ethylene-
imine;

diallyldialkylammonium salts;

alone or as a mixture, or the corresponding salts, and also the
macromonomers dertved from such monomers.

Said monomers may have a counterion chosen from
halides such as, for example, chlorine, sulfates, hydrosul-
tates, alkyl sulfates (for example containing 1 to 6 carbon
atoms), phosphates, citrates, formates and acetates.



US 7,288,575 B2

11

Examples of cationic monomers that are also suitable
include, mter alia, the following monomers:

dimethylaminoethyl (meth)acrylate, dimethylamino-pro-
pyl (meth)acrylate, di-tert-butylaminoethyl (meth)
acrylate, dimethylaminomethyl(meth)acrylamide and
dimethylaminopropyl(meth)acrylamide;
cthyleneimine, vinylamine, 2-vinylpyridine or 4-vinylpy-
ridine;
trimethylammoniumethyl (meth)acrylate chloride, trim-
cthylammoniumethyl acrylate methyl sulfate, ben-
zyldimethylammoniumethyl (meth)acrylate chloride,
4-benzoylbenzyldimethylammoniumethyl acrylate
chloride, (meth)acrylamidotrimethylammoniumethyl
chloride or vinylbenzyltrimethylammonium chloride;

diallyldimethylammonium chloride;

alone or as mixtures, or the corresponding salts thereotf, and
also the macromonomers derived from such monomers.

Preferably, the amphiphilic block polymers have a
welght-average molar mass of less than or equal to 100,000
g/mol, more particularly between 1,000 and 50,000 g/mol
and preferably between 1,000 and 20,000 g/mol. It 1s pointed
out that the weight-average molar masses indicated above
are theoretical molar masses, evaluated as a function of the
respective amount of monomers mtroduced during the
preparation of said polymers.

Preferably, an amphiphilic block polymer of nomionic
type 1s used.

As examples of amphiphilic block polymers that are
suitable for carrying out the invention, mention may be
made of polyhydroxystearate-polyethylene glycol-polyhy-
droxystearate triblock polymers (the products of the Arlacel
range from ICI are an example thereof), and polyalkyl
polyether grafted polydimethyl-siloxane block polymers

(for instance the products of the Tegopren brand name sold
by Goldschmidt).

According to a second variant, the inverse emulsion
comprises at least one cationic surfactant.

In the case of this variant, 1t 1s indicated that the cationic
surfactant does not satisiy the Bancroit rule mentioned
previously. Specifically, the cationic surfactant 1s soluble in
the dispersed phase and not 1n the continuous phase of the
inverse emulsion.

Among the suitable cationic surfactants that may espe-
cially be used are aliphatic or aromatic fatty amines, ali-

phatic fatty amides and quaternary ammonium derivatives
(Rhodaquat RP50 from Rhodia Chimie).

Finally, a third variant of the invention consists 1 com-
bining the two possibilities that have just been detailed.

Irrespective of the vanant selected, the total amount of
nonionic surfactant, of amphiphilic block polymer and/or of
cationic surfactant more particularly represents from 0.1%
to 10% by weight and preferably from 2% to 10% by weight
relative to the internal aqueous phase.

In accordance with one particularly advantageous
embodiment, in the case where the organic phase 1s in the
form of an inverse emulsion, the internal aqueous phase may
comprise at least one additive chosen from salts such as
alkali metal or alkaline-earth metal halides (for instance
sodium chloride or potassium chloride), or alkali metal or
alkaline-earth metal sulfates (for instance calcium sulfate),
or mixtures thereof. The internal aqueous phase may also
comprise, as additive, at least one sugar, for example such as
glucose, or at least one polysaccharide, such as, especially,
dextran, or mixtures thereof.
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The concentration of salt 1in the internal aqueous phase,
when a salt 1s present, 1s more particularly between 0.05 and
1 mol/l and pretferably 0.1 to 0.4 mol/l.

The concentration of sugar and/or polysaccharide 1s such
that the osmotic pressure of the internal aqueous phase
comprising said sugar and/or polysaccharide corresponds to
the osmotic pressure of an internal aqueous phase compris-
ing 0.05 to 1 mol/l of salt.

According to an important characteristic of the invention,
the aqueous phase of the emulsion comprises at least one
heat-induced thickening polymer.

Heat-induced thickening polymers have the particular
feature of giving aqueous solutions whose viscosity
increases when the temperature exceeds the thickening
temperature of the heat-induced thickening polymer; above
this temperature, the viscosity of the medium 1n which said
polymer 1s present increases.

More particularly, these polymers are soluble in water at
room temperature, and above the thickeming temperature,
some ol the polymer becomes hydrophobic (heat-sensitive
portion): the polymer thus forms a physical network at the
microscopic level, which i1s retlected at the macroscopic
level by an increase in the viscosity.

As has been mentioned previously, the heat-induced
thickening polymers used in the process according to the
invention are chosen from those with a viscosity jump
between 25 and 80° C. such that the value of the log,,
(viscosity at 80° C.)/log,, (viscosity at 25° C.) ratio 1s at
least equal to at least 1.

i

T'he ratio 1s measured under the following conditions:

i

T'he polymer 1s first dissolved 1n water (solids content of

4%).

The rheological profile 1s then measured 1n controlled-
stress flow mode, by performing a temperature sweep
between 20° C. and 80° C. The configuration used 1s the
cone/plate 4 cm/1 degree geometry. The stress induced
in the program 1s chosen (1n manual mode) such that the
gradient at 25° C. is 10 s™".

The magnitude selected to characterize the heat-induced
thickening power of the polymer, 1.e. the log,, (viscos-
ity at 80° C.)log,, (viscosity at 25° C.) ratio, represents
the jump 1n viscosity, expressed in decades, from 25 to
80° C. In other words, this magnitude indicates that the
viscosity of the medium at 80° C. 1s 10” times greater
than the viscosity of the medium at 25° C.; with n being
an integer between O and 3.

According to one preferred embodiment of the invention,
the heat-induced thickening polymer has a jump 1n viscosity
of at least one decade and pretferably of at least two decades.

Besides this characteristic, the heat-induced thickening
polymers are chosen such that the viscosity varation 1s
reversible. In other words, the viscosity decreases when the
temperature decreases.

Among the heat-induced thickening polymers that may be
used, mention may be made of hydrophobic modified
polysaccharides, for instance carboxymethyl celluloses,
methyl celluloses, hydroxyethyl celluloses and hydroxypro-
pyl celluloses.

In the case of polymers of this type, it may be advanta-
geous to use them 1n combination with at least one additional
surtactant chosen from nonionic and anionic surfactants.

Synthetic polymers, for instance polymers based on
N-1sopropylacrylamide and polymers based on N,N-dim-
cthylaminoethyl methacrylate, are also suitable for use.

According to one particular embodiment of the invention,
the heat-induced thickening polymers used have a comb
structure consisting of a polymer skeleton segment onto
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which are grafted at least two 1dentical or different poly-
meric side segments, for which either the polymer skeleton
or the polymeric side segments have a lower critical solution
temperature, LCST, of between 25 and 80° C.

It should be noted that the term “segments™ covers either
a linear chain or a branched chain.

According to a first variant of the invention, 1t 1s the
polymeric skeleton segment that has an LCST of between 25
and 80° C.

According to a second variant of the mvention, which 1s
preferred, 1t 1s the polymeric side segments that have an
LCST of between 25 and 80° C.

Finally, according to another variant of the invention,
several polymers are used, which are arranged together so as
to form a crosslinked structure 1n which the polymer seg-
ments thereol having the LCST contain the crosslinking
nodes and at least some of the segments thereof not having
a lower critical solution temperature of between 25 and 80°
C. establish connections between said nodes.

According to these variants, the segment not having the
required LCST, 1.e. of between 25 and 80° C., 1s 1tself
water-soluble at least 1n this temperature range, preferably
between 10 and 100° C.

As regards the polymer segment not having an LCST
critical temperature, 1t 1s more preferably a polymer of
water-soluble ethylenic type.

These water-soluble polymers may be derived from the
polymerization of water-soluble ethylenic monomers. These
monomers may in particular be of vinyl, acrylic, styrene or
diene type or alternatively of vinyl ester type.

Examples of vinyl monomers that may be mentioned
include vinylsulfonic acid and methallyl-sulfonic acid, or
salts thereol.

Examples of acrylic monomers that may be mentioned
include (meth)acrylic acid, diacids such as fumaric acid and
itaconic acid, or salts thereof, maleic anhydride, acrylamide
and 1ts denivatives such as acrylamidomethylpropane-
sulfonic acid, or salts thereof.

Examples of styrene monomers that may be mentioned
include styrenesulfonic acid and vinylbenzoic acid, or salts
thereol.

The water-soluble monomers mentioned above may also
be combined or substituted with hydrophobic monomers, the
units of which, once incorporated into the polymer chain,
may be converted, especially by means of a chemical
treatment such as hydrolysis, ito water-soluble units.
Examples of these include methyl (meth)acrylate, tert-butyl
(meth)acrylate, glycidyl (meth)acrylate and vinyl acetate.

Finally, organosoluble monomers of any type may also be
used and 1ncorporated into the polymer chain 1n the form of
hydrophobic units. Said monomers, which are present in
small amounts 1n the polymer segment, allow the water
solubility of the corresponding polymer to be controlled.

Needless to say, the various monomers are selected such
that the corresponding polymer segment has a solubility in
aqueous medium in accordance with the invention. This
adjustment of the relative amounts of corresponding mono-
mers 1s within the capability of a person skilled in the art.

Monomers such as acrylic acid or methacrylic acid,
acrylamides and denivatives thereol, fumaric acid and
maleic acid, and sulfonated monomers such as 2-acrylami-
domethylpropanesulionic acid and 1its alkaline salts, and
vinyl sulfonate, are especially preferred according to the
invention.

More preferably, this type of polymer segment has a
molecular weight at least greater than 1,000 g/mol and
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preferably at least greater than 20,000 g/mol (measured by
aqueous GPC, calibration: PEQO).

These polymer segments are advantageously derived
from the polymerization of acrylic acid and/or 2-acrylami-
domethylpropanesulfonic acid.

As regards the polymer segments with an LCST of
between 25 and 80° C., they are denived from polyoxy-
alkylene polymers.

According to one preferred embodiment of the invention,
the various oxyalkylene units present in the polyoxyalkylene
polymer contain not more than 6 carbon atoms.

Preferably, the segments with an LCST consist of oxy-
cthylene (OE) units and/or oxypropylene (OP) units.

The OE and OP units may be arranged 1n the polymeric
heat-sensitive segment 1n random, block or sequential form.
The polymeric heat-sensitive segment may have, {for
example, a starburst structure. It 1s found to be possible to
adjust the critical solution temperature especially by means
of the length and composition of these polymer segments.
Preferably, the segments with a critical temperature 1n
accordance with the imvention consist of at least 5 oxyalky-
lene units.

More preferably, they are corresponding macromono-
mers.

For the purposes of the present invention, a macromono-
mer denotes a macromolecule bearing one or more free-
radical-polymerizable ethylenic functions.

The grafting of the polymeric side segments onto a
polymeric skeleton segment may be performed according to
standard techniques that are familiar to those skilled 1n the
art (for example European Polymer Journal 4, 343 (1968)).

Among these standard techniques, mention may be made
especially of the “direct grafting” and copolymerization
techniques.

Direct grafting consists in polymerizing the chosen mono-
mer(s) via a free-radical route, 1n the presence of the selected
monomer to form the skeleton of the final product. If the
monomer/skeleton couple and the operating conditions are
carefully chosen, there may then be a transfer reaction
between the growing macroradical and the skeleton. This
reaction generates a radical on the skeleton and 1t 1s from this
radical that the grait grows. "

The primary radical derived
from the 1mitiator may also contribute to the transier reac-
tions.

As regards copolymerization, this involves 1n a first stage
the grafting, onto the end of the heat-sensitive segment, of
a free-radical-polymerizable function. This grafting may be
performed by usual methods of organic chemistry. Next, in
a second stage, the macromonomer thus obtained 1s poly-
merized with the chosen monomer to form the skeleton, and
a “comb” polymer 1s obtained. It 1s clear to a person skilled
in the art that when polymerization 1s performed between a
macromonomer and a monomer chosen such that these two
species combine together strongly by hydrogen bonding,
then there 1s simultaneous direct grafting onto the polymer
segment of the macromonomer and incorporation of this
macromonomer into the polymer chain by simple polymer-
ization of its polymerizable end. In this case, the structure
obtained 1s substantially more branched or even crosslinked
than in the previous two cases.

Preferably, the polymer comprises 0.1 mol % to 50 mol %

and preterably 0.1 mol % to 5.0 mol % of polymer segments
with an LCST of between 25 and 80° C.

The heat-induced thickening polymers that are most par-
ticularly suitable for the invention comprise at least:
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polymer prepared from PEO-PPO-PEO triblocks and
from acrylic acid (respective molar percentages: 2.3%,
97.7%), preferably by direct grafting,

polymer prepared from PEO-PPO-PEO triblock macro-
monomer and from acrylic acid (respective molar per-
centages: 1.6%, 98.4%), preferably by copolymeriza-
tion,

polymer prepared from PEO-PPO-PEO triblock macro-

monomer and from acrylic acid (respective molar per-
centages: 3%, 97%), preferably by copolymerization,
and/or

polymer prepared from PEO-PPO-PEO triblock macro-

monomer and from acrylic acid (respective molar per-
centages: 2%, 98%), preferably by copolymerization.

These polymers have been described especially in French
patent application FR 2 780 422.

The content of heat-induced thickening polymer 1n the
aqueous phase 1s such that the viscosity of the aqueous phase
1s from 0.2 to 5 times that of the organic phase and
preferably from 0.5 to 2 times that of the organic phase at the
preparation temperature of the emulsion; this preparation
temperature being greater than or equal to the thickeming
temperature of the heat-induced thickening polymer.

For indicative purposes, the content of heat-induced
thickening polymer 1s more particularly between 0.5% and
5% by weight relative to the aqueous phase. Preferably, the
content of heat-induced thickening polymer 1s between 1%
and 3% by weight relative to the aqueous phase.

The aqueous phase also advantageously comprises:

at least one nonionic surfactant and/or at least one non-

ionic amphiphilic polymer optionally combined with at
least one anionic surfactant and/or at least one anionic
amphiphilic polymer; the total content of nonionic and
anmionic  surfactant(s)/amphiphilic  polymer(s) 1s
between 0.5% and 10% by weight and preferably
between 1% and 5% by weight relative to the organic
phase or to the inverse emulsion, 1f present; the amount
of anionic surfactant and/or anionic amphiphilic poly-
mer represents 0.5% to 5% by weight and preferably
0.5% to 2% by weight relative to the weight of nonionic
surfactant/nonionic amphiphilic polymer; or

at least one anionic amphiphilic polymer optionally com-

bined with at least one anionic surfactant; the total
content of anionic amphiphilic polymer/anionic surfac-
tant 1s between 0.5% and 10% by weight and preferably
between 1% and 5% by weight relative to the organic
phase or to the mverse emulsion, 1f present.

As regards the nonionic surfactants, polyalkoxylated non-
ionic surfactants are preferably used.

Advantageously, said nonionic surfactant 1s chosen from
the following surfactants, alone or as a mixture:

alkoxylated fatty alcohols

alkoxylated triglycerides

alkoxylated fatty acids

alkoxylated sorbitan esters

alkoxylated fatty amines

alkoxvlated di(1-phenylethyl)phenols

alkoxylated tri(1-phenylethyl)phenols

alkoxylated alkylphenols

the number of alkoxylated, more particularly ethoxylated
and/or propoxylated, units 1s such that the HLB value 1s
greater than or equal to 10.

As regards the polyalkoxylated nonionic amphiphilic
polymer, this polymer satisfies the Bancroit rule and the two
conditions thereof stated previously, and comprises at least
two blocks, one of them being hydrophilic and the other

5

10

15

20

25

30

35

40

45

50

55

60

65

16

hydrophobic; at least one of the blocks comprising poly-
alkoxvylated units, more particularly polyethoxylated and/or
polypropoxylated units.

Everything that has been stated hereinabove 1n the context
of the description of the nonionic hydrophilic monomers and
the hydrophobic monomers that may be used to prepare the
amphiphilic block polymers forming part of the composition
of the inverse emulsion remains valid and will not be
repeated here.

For purely indicative purposes, said polymers are
obtained by carrying out ring-opening polymerizations,
especially anmionic polymerizations.

More particularly, said nonionic polyalkoxylated
amphiphilic polymers are chosen from polymers whose
weight-average molar mass 1s less than or equal to 100,000
g/mol (measured by GPC, polyethylene glycol standard),
preferably between 1,000 and 50,000 g/mol and preferen-
tially between 1,000 and 20,000 g/mol.

Examples of polymers of this type that may be mentioned
inter alia include polyethylene glycol/polypropylene glycol/
polyethylene glycol triblock polymers. Such polymers are
well known and are especially sold under the brand names
Pluronic (sold by BASF) and Arlatone (sold by ICI).

According to another embodiment, the nonionic
amphiphilic polymer 1s an amphiphilic block polymer
obtained by polymerization of at least one nonionic hydro-
philic monomer and of at least one hydrophobic monomer,
the proportion and nature of said monomers being such that
the resulting polymer satisfies the conditions stated previ-
ously (Bancroit rule—two conditions).

These amphiphilic polymers furthermore comprise at
least one hydrophobic block and at least one neutral (non-
ionic) hydrophilic block.

In the case where said polymer comprises at least three
blocks, and more particularly three blocks, the polymer 1s
advantageously linear. In addition, the hydrophilic blocks
are more particularly located at the ends.

In the case where the polymers comprise more than three
blocks, these polymers are preferably 1n the form of grafted
or comb polymers.

The list of the nonionic hydrophilic monomers and the
nonionic hydrophobic monomers, and also the various
preparation methods, cited in the context of the description
of the amphiphilic block polymers, may be repeated in the
case of the polymers according to this varnant.

However, the preferred hydrophilic monomers are acry-
lamide and methacrylamide, alone or as a mixture, or in the
form of macromonomers; the preferred monomers are the
esters of acrylic acid with lmear or branched C,-C, alcohols,
such as methyl, ethyl, propyl or butyl acrylate mel esters,
for instance vinyl acetate, styrene and o-methylstyrene.

Among the suitable anionic surfactants that may be men-
tioned, inter alia, alone or as mixtures, are:

alkylester sulfonates, for example of formula R—CH
(SO;M)—COOR', 1n which R represents a C4-C,, and
preferably C,,-C, « alkyl radical, R' represents a C,-C
and preferably C,-C; alkyl radical and M represents an
alkali metal cation (sodium, potasstum or lithium),
substituted or unsubstituted ammonium (methylammo-
nium, dimethylammonmium, trimethyl-ammonium, tet-
ramethylammonium, dimethylpiperidinium, etc.) or an
alkanolamine derivative (monoethanol-amine, dietha-
nolamine, tricthanolamine, etc.).

Mention may be made most particularly of methyl ester
sulfonates 1 which the radical R 1s C, ,-C, «; alkylbenzene-
sulfonates, more particularly of C,-C,, primary or second-
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ary alkylsulfonates, especially of C,-C,,, alkylglycerol sul-
fonates, sulfonated polycarboxylic acids, such as, for
example, those described m GB 1 082 179, and parathn

sulfonates:

alkyl sultates, for example of formula ROSO,M, 1n which
R represents a C,,-C,, and preferably C,,-C,, alkyl or
hydroxvalkyl radical; M representing a hydrogen atom
or a cation of the same definition as above, and also the
polyalkoxylated (ethoxylated (EO) or propoxylated
(PO), or combinations thereol) denivatives thereof,
such as, for example, sodium dodecyl suliate;

alkyl ether sulfates, for example of formula
RO(CH,CH,0),SO;M m which R represents a C -

C,, and preterably C, ,-C,, alkyl or hydroxyalkyl radi-
cal; M representing a hydrogen atom or a cation of the
same definition as above, n generally ranging from 1 to
4, and also the polyalkoxylated (ethoxylated (EO) or
propoxylated (PO), or combinations thereol) deriva-
tives thereof, such as, for example, lauryl ether sulfate
with n=2;

alkylamide sulfates, for example of formula
RCONHR'OSO,M 1n which R represents a C,-C,,, and
preferably C.-C,, alkyl radical, R' represents a C,-C,
alkyl radical, M representing a hydrogen atom or a
cation of the same definition as above, and also the
polyalkoxylated (ethoxylated (EO) or propoxylated
(PO), or combinations thereol) derivatives thereof;

salts of saturated or unsaturated fatty acids such as, for
example, those of C,-C,, and preferably of C,,-C,,.
N-acyl N-alkyltaurates, alkylisethionates, alkylsucci-
namates, alkylsulfosuccinates, sulfosuccinate
monoesters or diesters, N-acyl sarcosinates and poly-
cthoxycarboxylates; and

alkyl ester and/or alkyl ether and/or alkylaryl ether phos-
phates.

Among the anionic polymers that may be used, mention
may be made most particularly of block polymers, prefer-
ably diblock or triblock polymers, obtained by polymeriza-
tion of at least one anionic hydrophilic monomer, optionally
of at least one nonionic hydrophilic monomer, and of at least
one hydrophobic monomer.

In this case also, the choice of monomers and the respec-
tive proportions thereof are such that the resulting polymer
satisiies the two conditions stated previously (Bancroit rule).

The nonionic and anionic hydrophilic monomers and the
hydrophobic monomers, and also the synthetic modes men-
tioned 1n the context of the description of the amphiphilic
polymers forming part of the composition of emulsions for
which the continuous phase 1s an o1l phase, may be used to
obtain the polymers according to this variant. Reference
may thus be made thereto.

According to one particular embodiment, and still 1n the
case of the vanant according to which the organic phase 1s
in the form of an inverse emulsion, 1t may be advantageous
to add to the aqueous phase at least one additive chosen from
salts such as alkal1 metal or alkaline-earth metal halides (for
instance sodium chloride or calcium chloride), at least one
alkali metal or alkaline-earth metal sulfate (for instance
calcium sulfate), at least one sugar (for example glucose) or
at least one polysaccharide (especially dextran), or mixtures
thereof.

The addition of this type of additive makes it possible to
equilibrate, 11 necessary, the osmotic pressures of the aque-
ous phase of the emulsion and of the internal aqueous phase
(of the mverse emulsion); the salt, sugar and/or polysaccha-
ride concentrations are set in this respect.
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Furthermore, depending on the application for which the
emulsion according to the invention 1s mntended, or depend-
ing on the nature of the active matenal(s) used, 1t may be
desirable to adjust the pH of the external aqueous phase by
adding a base (sodium hydroxide or potassium hydroxide) or
an acid (hydrochloric acid).

According to one advantageous variant of the present
invention, the aqueous phase of the emulsion may comprise
at least one thickening polymer. The purpose of this polymer
1s to avoid creaming and/or sedimentation of the final
emulsion.

For illustrative purposes, thickening polymers extracted
from plants and optionally modified may be used, such as
carrageenans, alginates, carboxy-methyl celluloses, methyl
celluloses, hydroxypropyl celluloses or hydroxyethyl cellu-
loses.

Similarly, thickening polymers such as polysaccharides of
ammal, plant or bacterial origin may be used; nonlimiting
examples that may be mentioned 1include xanthan gum, guar
and derivatives (for example such as hydroxypropyl guar) or
polydextroses, or combinations thereof.

When 1t 1s present, the content of thickeming polymer 1s
more particularly between 0.1% and 2% by weight relative
to the aqueous phase and preferably between 0.1% and 0.5%
by weight relative to the aqueous phase. It 1s pointed out
that, 1in this concentration range, the thickening polymer 1s
soluble 1n the aqueous phase.

The organic phase/aqueous phase weight ratio, or the
weight ratio of the mternal aqueous phase and organic phase
combination/aqueous phase, 1s usually between 10/90 and
90/10 and preferably between 30/70 and 80/20.

The process for preparing the emulsion more particularly
consists 1n mixing together with stirring;:

the organic phase comprising:

optionally at least one hydrophobic active material,

optionally the dispersed internal aqueous phase option-
ally comprising at least one hydrophilic active mate-
rial and optionally at least one additive; the combi-
nation of internal aqueous phase and organic phase
comprising at least one nonionic surfactant and/or at
least one amphiphilic block polymer, and/or at least
one cationic surfactant; and

the aqueous phase comprising:

optionally at least one hydrophilic active material,

at least one polyalkoxylated nonionic surfactant and/or
at least one nonionic amphiphilic polymer and/or at
least one anionic surfactant and/or at least one

anionic amphiphilic polymer,
at least one heat-induced thickening polymer,
optionally at least one additive and optionally at least
one thickening polymer;
the emulsion preparation temperature being greater than
or equal to the thickening temperature of the heat-
induced thickening polymer.

It 1s similarly pointed out that the emulsion preparation
temperature 1s preferably greater than or equal to the melting
point of the organic phase.

Advantageously, the apparatus used for the stirring 1is
entirely standard 1n the field. Thus, a frame paddle may be
used.

It should be noted that the stirring 1s relatively slow, of the
order of 300 to 700 rpm.

In the case where the organic phase consists of an inverse
emulsion, the process consists in first preparing the imverse
emulsion and then mixing this emulsion with the aqueous
phase.
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The preparations of a simple direct emulsion (o1l-in-water
emulsion) or of a multiple emulsion may themselves also be
performed according to any known method.

Thus, by way of example of preparation of a simple direct
emulsion, a first mixture comprising the compound consti-
tuting the iternal organic phase and optionally the hydro-
phobic active matenal 1s first prepared.

Secondly, a second mixture comprising the water, the
nonionic and/or anionic surfactant and/or amphiphilic poly-
mer, the heat-induced thickening polymer, optionally the
active material and/or the additive (salt, sugar and/or
polysaccharide) and/or the thickening polymer 1s prepared.
According to one particular embodiment for preparing a
simple direct emulsion, the aqueous phase does not com-
prise additive or thickening polymer.

The preparation of the aqueous phase preferably consists
in first mixing together the water and the active material, 1f
used, followed by the surfactant and/or the amphiphilic
polymer, with stirring. Next, the heat-induced thickening
polymer 1s added.

This operation generally takes place at a temperature of
between 25 and 80° C. and pretferably between 40 and 70°
C. It 1s not necessary for the temperature during the mixing
of the various compounds of the aqueous phase to be greater
than or equal to the thickening temperature of the heat-
induced thickening polymer.

The emulsion 1s then obtaimned by adding the organic
phase to the aqueous phase, with stirring. It 1s again pointed
out that, according to one characteristic of the invention, this
operation takes place at a temperature greater than or equal
to the thickening temperature of the heat-induced thickening
polymer, so as to limit the difference 1n viscosity between
the two phases of the emulsion.

More particularly, this operation 1s performed at a tem-
perature of at least 25° C., more particularly between 25 and
80° C. and preferably between 40 and 70° C.

It 1s possible to carry out a step of refining of the direct
emulsion.

The stirring time may be determined without dithiculty by
a person skilled in the art and depends on the type of
apparatus used. It 1s preferably suilicient to obtain a mean
droplet size (d50) that 1s within the ranges mentioned
previously.

In the case of a multiple emulsion, one preparation
example consists 1n preparing a first mixture constituting the
internal aqueous phase, comprising the water, optionally the
hydrophilic active material, the cationic surfactant, il
present, and optionally the additive (salt, sugar and/or
polysaccharide). A second mixture 1s also prepared, com-
prising the compound constituting the internal organic
phase, optionally the hydrophobic active material and the
nonionic surfactant and/or nonionic amphiphilic block poly-
mer, 1f present.

The first mixture 1s then added to the second mixture, with
stirring.

The preparation of the inverse emulsion 1s generally
performed at a temperature greater than the melting point of
the compound constituting the internal organic phase. More
particularly, the preparation temperature for the inverse
emulsion 1s between 20 and 80° C. Advantageously, the
preparation temperature for the mverse emulsion is in the
region ol the preparation temperature for the multiple emul-
S1011.

It 1s possible to perform a refining step on the mverse
emulsion.

The stirring time may be determined without dithiculty by
a person skilled in the art and depends on the type of
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apparatus used. It 1s preferably suilicient to obtain a mean
droplet size (d50) that 1s within the ranges mentioned
previously.

The external aqueous phase of the emulsion 1s then
prepared. This may especially be performed by mixing
together the nomomic and/or anionic surfactant and/or
amphiphilic polymer, the heat-induced thickening polymer,
optionally the active material and/or the additive and/or the
thickening polymer and the water. Preferably, the water and
the active material, the additive, 1f present, the surfactant
and/or the amphiphilic polymer are first mixed together,
with stirring. Next, the heat-induced thickening polymer
and, where appropnate, the thickening polymer are added. It
1s pointed out that, according to one entirely advantageous
embodiment, the thickening polymer, if used, 1s added only
once the multiple emulsion has been obtained. In this case,
it 15 used in the form of an aqueous solution. The water
content 1s such that the concentration ranges of the multiple
emulsion are satisfied.

This operation generally takes place at a temperature of
between 25 and 80° C. and preferably between 40 and 70°
C. It 1s not necessary for the temperature during the mixing
of the various compounds of the external aqueous phase to
be greater than or equal to the thickening temperature of the
heat-induced thickening polymer.

The actual preparation of the multiple emulsion 1s then
performed by adding the inverse emulsion to the aqueous
phase, which were prepared previously.

This operation takes place at a temperature greater than or
equal to the thickening temperature of the heat-induced
thickening polymer.

This operation thus preferably takes place at a tempera-
ture of at least 25° C., more particularly between 25 and 80°
C. and preferably between 40 and 70° C.

Once the multiple emulsion 1s obtained, the mixture may
be left to cool to a temperature below the thickeming
temperature of the heat-induced thickening polymer.

The stirring conditions are preferably of the same type as
those used during the preparation of the mverse emulsion.

It 1s pointed out that 1t would not constitute a departure
from the context of the present invention to mix together
several multiple emulsions, provided that the external aque-
ous phases of the mixed emulsions are compatible.

The emulsion according to the invention may be used as
a constituent component 1n formulations that may be used 1n
many {ields, such as cosmetics, food, the field of plant-
protection active materials, that of o1l or gas well exploita-
tion or construction, that of silicones, or alternatively 1n the
field of papermaking, inter alia.

A concrete but nonlimiting example of the invention will
now be presented.

EXAMPL.

L1

1. Preparation of the Heat-Induced Thickening Polymer

1.1 Synthesis of the Heat-Sensitive Macromonomer

The macromonomer 1s synthesized in bulk, without cata-
lyst, 1in the following manner:

Antarox E400 (EO/PO/EO triblock polymer sold by
Rhodia Chimie, 200 g) and maleic anhydride (6.74 g) are

introduced at room temperature mto a 500 ml two-necked
glass reactor equipped with a condenser and a magnetic bar.

The temperature 1s then brought to 60° C. (over about 1
hour), with stirring and flushing with mitrogen, and then to
140° C. (over about 7 hours) and 1s maintained at this
temperature for 18 hours.
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The macromonomer obtained 1s then dissolved in water
and neutralized by adding 5M sodium hydroxide.

Its solids content 1s 28.9% (determined with 1 g of

macromonomer solution dried in an oven at 105° C. for 1
hour). The pH 15 7.

1.2 Synthesis of the Heat-Induced Thickening Polymer

The heat-induced thickening polymer 1s synthesized via a
free-radical route 1n aqueous solution using acrylic acid and
macromonomer obtained above.

The polymerization 1s performed at about 45° C.

The redox couple used 1s ammonium persuliate (oxidizing,
agent) and ascorbic acid (reducing agent).

The proportions of the various reagents are as follows:

acrylic acid/macromonomer molar ratio: 98/2

ammonium persulfate: 0.18 mol % relative to the acrylic
acid

ascorbic acid: 0.09 mol % relative to the acrylic acid.

The mass concentration of reagents 1s 1 the region of
16%.

The process 1s as follows:

The mgredients below are mtroduced nto a thermostati-
cally maintained jacketed glass SVL reactor (1.5 1), on
which 1s mounted a tubular condenser, and which 1s
equipped with a mechanical stirrer (anchor), several inlets
and a nitrogen inlet:

at 25° C.: the macromonomer 1n aqueous solution (68.21 g)
and water (139.6 g); the temperature 1s then increased to

45° C.
at 45° C.: mtroduction of sodium persulfate (0.0316 g); this
time 1s noted t°.

From t° to t°+5 hours: continuous introduction of acrylic
acid (21.01 g) dissolved 1n water (5.14 g) and partially
neutralized with 5M sodium hydroxide (4.71 g);

From t° to t°+8 hours: continuous introduction of ascorbic
acid (0.013 g) dissolved in water (15 g).

The reactor 1s then cooled.
The polymer obtained has the following characteristics:

Determination of the solids content by gravimetry (con-
ditions 1.1): 16.47%

Determination of the mean molar mass by aqueous GPC:
Conditions:

water+0.5M LiNO;+0.06M NaN, at 1 ml/min
3 Shodex SB 806 M columns

detector: differential refractometer

This GPC 1s calibrated with PEO standards; the molar
masses obtained are thus relative values. The mass-average
molar mass 1s 310,000 g/mol.

Heat-induced thickening power by rheology:

The viscosity of aqueous solutions containing the heat-
induced thickening polymer 1s measured as a function of the
temperature.

The measuring conditions are as follows:
pH=8, polymer solids content of 4%.

The jump 1n viscosity 1s measured in controlled-stress
flow mode by performing a temperature sweep between 20°
C. and 80° C. The configuration used is the cone/plate 4
cm/1 degree geometry. The stress induced in the program 1s
chosen (1n manual mode) such that the gradient at 25° C. 1s

10 s~ 1.

The jump 1n viscosity between 25 and 80° C., correspond-
ing to the ratio log,, (viscosity at 80° C.)/log,, (viscosity at
25° C.), expressed 1n decades, 1s 3.

10

15

20

25

30

35

40

45

50

55

60

65

22

2. Preparation of an Emulsion

2.1 Preparation of an Inverse Emulsion

68.6 g of Napvis D30 polybutene (sold by BP) and 1.6 g
of Tegopren 7006 (polyalkyl polyether grafted polydimeth-
ylsiloxane, sold by Goldschmidt) are successively intro-
duced nto a 250 ml beaker.

The mixture 1s homogenized by stirring with a frame
paddle at 250 rpm for 10 minutes, the organic phase being
placed 1n a water bath thermostatically maintained at 70° C.

The aqueous phase 1s then introduced dropwise under the
same stirring conditions.

The amount of aqueous phase 1s such that the aqueous
phase/organic phase weight ratio 1s 30/70.

The aqueous phase comprises 5.2 g of lactic acid (0.1M),
26.2 g of sodium chloride (0.1M) and 0.18 g of Phenonip
(biocide, sold by NIPA Laboratories).

Once the aqueous phase has been introduced, the emul-
sion 1s refined by stirrng with the frame paddle for 10
minutes at 400 rpm, and then for 15 minutes at 600 rpm.

2.2 Preparation of the Multiple Emulsion

The external aqueous phase 1s prepared as follows:

5 g of the heat-induced thickening polymer solution
obtained m point 1.2, 20 g of Arlatone F127G at 3%
((EO)X(PO)y(EO)z polymer with verification of the follow-
ing equation: 82<x+z<90 and 7 PO units per mole of
polymer, sold by ICI) and 20 g of distilled water are mixed
together.

The mmtial pH 1s adjusted by adding sodium hydroxide
(2M) to reach a pH of 6-7 (measured at 23° C.).

The resulting external aqueous phase 1s introduced nto a
water bath at 50° C. with stirring using a TT paddle at 250
rpm, until a homogeneous phase 1s obtained.

0.5 g of Phenonip 1s then added.

46.8 g of the inverse emulsion obtained previously are
introduced by cumulative successive additions to the exter-
nal aqueous phase, at 50° C., with stirring at 500 rpm for 10
minutes for each addition.

Once the introduction of the inverse emulsion 1s com-
plete, a refining operation 1s performed using a TT paddle at
700 rpm for 30 minutes.

The internal aqueous phase/organic phase/external aque-
ous phase weight proportion 1s 16/35/49.

The mean droplet size 1s between 5 and 10 um (Horiba).

The mvention claimed 1s:

1. A process for the preparation of an oil-in-water emul-
s1on whose organic phase has a viscosity of greater than or
equal to 1 Pa.s at 25° C., comprising the step ol mixing
together with stirring:

the organic phase, and

an aqueous phase comprising at least one heat-induced

thickening polymer displaying a thickening tempera-

ture and a jump 1n viscosity between 25 and 80° C. such

that:

said jump 1n viscosity has a ratio log, , (viscosity at 80°
C.)Ylog,, (viscosity at 25° C.) of at least equal to 1,
and

said jump 1n viscosity has a variation 1n viscosity being,
reversible; the amount of heat-induced thickening
polymer being such that the aqueous phase has a
viscosity of from 0.2 to 5 times that of the organic
phase, said emulsion being prepared at a preparation
temperature greater than or equal to the thickening
temperature of the heat-induced thickening polymer.

2. The process as claimed 1n claim 1, wherein the organic
phase has a viscosity of at least equal to 2.
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3. The process as claimed 1n claim 1, wherein the heat-
induced thickening polymer presents a comb structure,
consisting of a polymer skeleton onto which are grafted at
least two 1dentical or different polymeric side segments, and
wherein either the polymer skeleton or the side segments
have a lower critical solution temperature of between 25 and
80° C.

4. The process as claimed in claim 3, wherein the poly-
meric side segments of the heat-induced thickening polymer
have a lower critical solution temperature of between 25 and
80° C.

5. The process as claimed 1n claim 4, wherein the seg-
ments not having a lower critical solution temperature of
between 25 and 80° C., are water-soluble at least 1n this
temperature range.

6. The process as claimed 1n claim 4, wherein the polymer
segments not having a lower critical solution temperature,
are water-soluble 1n the temperature range for preparation of
the emulsion.

7. The process as claimed 1n claim 4, wherein the polymer
segments not having a lower critical solution temperature
are water-soluble ethylenic polymers.

8. The process as claimed 1n claim 7, wherein the water-
soluble ethylenic polymers are prepared from the polymer-
ization ol water-soluble ethylenic monomers of vinyl,
acrylic, styrene, or vinyl ester type monomers.

9. The process as claimed 1n claim 3, wherein the polymer
side segments having a lower critical solution temperature of
between 25 and 0° C. are polyalkoxylated polymers.

10. The process as claimed in claim 9, wherein the
polymer side segments contain at least 5 oxyalkylenated
units.

11. The process as claimed in claim 1, wherein the
heat-induced thickening polymer 1s used 1n an amount such
that the viscosity of the aqueous phase 1s from 0.5 to 2 times
that of the organic phase, at the preparation temperature of
said emulsion.

12. The process as claimed in claim 1, wherein the
heat-induced thickeming polymer 1s present in a content of
between 0.5% and 5% by weight of the aqueous phase.

13. The process as claimed 1n claim 1, wherein the organic
phase has a viscosity of at least 5 Pa.s.

14. The process as claimed 1n claim 1, wherein the organic
phase are mineral oils, alkyd resins, polyisocyanates or high
molecular weight silicones.
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15. The process as claimed 1n claim 1, wherein the organic
phase further comprises at least one hydrophobic active
material.

16. The process as claimed 1n claim 1, wherein the organic
phase comprises a dispersed internal aqueous phase.

17. The process as claimed 1 claim 16, wherein the
internal aqueous phase comprises at least one hydrophilic
active material.

18. The process as claimed i claim 16, wherein the

organic phase presents an internal aqueous phase/organic
phase weight ratio of between 10/90 and 90/10.

19. The process as claimed 1n claim 1, wherein the

emulsion presents a organic phase/aqueous phase weight
ratio, of between 10/90 and 90/10.

20. The process as claimed 1n claim 16, wherein the
emulsion presents a weight ratio of the internal aqueous
phase and organic phase combination/aqueous phase, of

between 10/90 and 90/10.

21. The process for the preparation of an oil-in-water
emulsion whose organic phase has a viscosity of greater than
or equal to 1 Pa.s at 25° C., comprising the step of mixing
together with stirring:

the organic phase, and

an aqueous phase comprising at least one heat-induced
thickening polymer displaying a thickening tempera-
ture and a jump 1n viscosity between 25 and 80° C. such
that:

said jump 1n viscosity has a ratio log, , (viscosity at 80°
C.)Ylog,, (viscosity at 25° C.) of at least equal to 1,
and

said jump 1n viscosity has a vanation 1n viscosity being,
reversible; the amount of heat-induced thickening
polymer being such that the aqueous phase has a
viscosity of from 0.2 to 5 times that of the organic
phase, said emulsion being prepared at a preparation
temperature greater than or equal to the thickening
temperature of the heat-induced thickening polymer,
and

the emulsion obtained being then cooled to a temperature
below the thickening temperature of the heat-induced
thickening polymer.
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